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(54) COMPOSITE REVERSE OSMOSIS MEMBRANE AND METHOD OF REVERSE OSMOTIC 
TREATMENT OF WATER USING THE SAME 

(57) A reverse osmosis composite membrane that 
has a high salt rejection, a high water permeability, and 
a high fouling tolerance, and permits practical desalina- 
tion at a relatively low pressure is provided by coating 
the surface of a reverse osmosis membrane of aromatic 
polyamide with polyvinyl alcohol (PVA). for example, 
and controlling the surface zeta potential of the separa- 
tion layer within ± 10mV at pH 6. This reverse osmosis 
composite membrane is electrically neutral and controls 
the electrical adsorption of membrane-fouling sub- 
stances having a charge group present in water. There- 
fore, a high separation property can be maintained 
without louling the membrane even if water containing a 
surfactant or a transition metal component is supplied 
as raw water. 
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Description 



Technical Field 

The present invention relates to improvements in the performance of a reverse osmosis composite membrane such 
as performance stability and fouling tolerance for selectively separating the components of a 1-qu* * ^ J£ 
taSv the present invention relates to a reverse osmosis composite membrane hav.ng a high salt re ]e ct,on. a h,gh 
SSle Serance'ld . high fouling tolerance, which comprises a polymer thin film on the reverse osmosis compete 
membrane and to a reverse osmosis treatment method for water using the same. . , ... 

,o Sue a rie s e osmoS is conposite membrane is suitable for manufacturing ultrapure water, desahnating brackish 
water and th^ke and it also can contribute to the removal and recovery of the contaminating sources or effects sub- 
rincetl^ a il or he iKe. the cause of pollution in a dyeing waste water system, an electrochemical deposition 
Snwi elte"yLm.oradomestic waste water system to imp.eme^^ 

S cTSrate stably for a long period with respect to the quality of water conta,n,ng various membrane-fouling sub- 
stances r u ch as slants and transition metal components including iron, which cause a decrease ,n flux. 

Ba ckground Art 

Examples of the industrially utilized reverse osmosis membranes include Loebtype membranes described in U.S. 
Patent 3133 32 and 3133137 as asymmetric membranes made of cellulose acetate. On the other hand, reverse 
™1« imoosi e membranes in which an active thin film substantially having a selective separate property is 

- known as reverse osmosis membranes having a different structure from the 

inteSpolymer-tion of polyfunctional aromatic amine and po.yfunctional ^4?™*^££Z 
oort flm are known (for example. Publication of Japanese Patent Application (Tokka. Sho) No A M - 14 ^ 1 ^^' c J'°" 
^p^nese SXlication (Tokkai Sho) No. 62-121603. Publication of Japanese Patent Apphcat.on (Tokka, Sho) 
1 ^SoTaS Publication of Japanese Patent Application (Tokkai Hei) No. 2-187135). Also, those having a th n 
toSS£Sl?*J^in^ polymerization of polyfunctional aromatic amine anc I polyfunctona. afcgc 
add tKmed on a support film are known (for example, Publication of Japanese Patent Appl.cat.on (Tokka, Sho) 

N0 ' tn SS various methods for after treatment of the reverse osmosis membrane are disclosed, ^ ^mple. 
methcdJusina various polymers as a protective layer are disclosed (for example, Publication of Japanese Paten Appl,- 
^nSSSS No 51^88. PuUication of Japanese Patent Application (Tokkai Sho) No. 53-16372. Publication 
o?5a^PalTr!t plication (Tokkai Sho) No. 62-197105, and Publication of Japanese Patent Apphcaton (Tokko 

H6i) Re°ce 7 n1S 1 fhas been expected to apply a reverse osmosis membrane to a treatment for water containing fouling 
subtfanS suchTs various Surfactants ,for example, sewage. In addition to the high performance of to"™"™ 
sis memSaneS high salt rejection and a high water permeability), a high fouling resistance ,s requ.red to ™nta m the 
ZZZXZ for ^ KErioi The above reverse osmosis membranes and the conventional after treatment methate 
SsulticTent to satisfy these two requirements. Therefore, a reverse osmosis compose membrane having a higher 

rx>lvam?de reverse osmosis membrane obtained by interfacial polymerization of polyfunctional aromatic am,ne _and 
aTcyclic acid halide has a negative charge due to the resklual «b«yfc ^T^IZ 
Ling negative charge adsorbs, for example, cationic fouling substances ^reas,ng the flux. Therefore, a membrane 
has beenrequired that is neutral in charge and has a high water permeability and a h,gh salt reaction. 
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Disclosure of Invention 

It is an object of the present invention to provide a reverse osmosis composite membrane that has a high salt rejec- 
tion, a higher pernJabaity. and a high fouling tolerance and permits practical desa.inat,on at a low pressure, and a 

r*»#arca ncmn«ii«; treatment method for water using the same. 

^oSZSIdSTE above object, the present invention provides a reverse osmosis composrte membrane com- 
orisila a ionge Syer and a separation layer formed on a surface of the sponge layer, wherein the surface zeta (0 
ZS^SZ flayer is conLed within ± 10mV at P H 6. The surface zeta (0 potential of such a membrane can 
ha measured bv using an electrophoretic light scattering device or the like. ... .... nm \/ 

^herte!se osmosis conposite membrane of the present invention, the surface zeta potenfal is within ± 10mV 
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preferably in the range of pH 6 to 8. in which P H range the reverse osmosis composite membrane is used, and more 

anlSSlfy neutral polymer. Electroneutrality is preferred for controlling the electncal adsorption of membrane-foul- 
iTE^SSlS^^ - least one substance selected from the 

proup Is stg of SSSllv^eulrBl organic substance and an electrically neutral polymer is an organic subs ance 
o ? a S2e Z has a nonionic hydrophilic group (for example, a -OH group). Because. ,n addition to the e ectrone- 
Z£ZX J due to a hydrophobic interaction on the membrane is controlled when the membrane-foul, ng sub- 

^£££^£5** membrane, it is preferable that the organic substance or the 

^SSS^ip^ of more than 80'C has a small number of alcohol groups, so that such polyvmy, a.co- 
hol does not tend to control the adsorption of the membrane-fouling substances. AMraa 

* the tveS osmosis composite membrane, it is preferab.e that the polyvinyl alcoho. has a sapon rf ,cat,on degree 
of 95% or more because a sufficient number of alcohol groups can be obtained. . u , , hQ 

I th e ^erse^sis compose membrane, it is preferable that the thickness of the organic substance or the pol^ 
yme tha hTs a non,onic hydropic group is in the range of 0.001 to 1 ^ m. '<^™^ ^ 
water permeability obtained after the coating decreases significantly, ff the thickness is less than 0.001 n m, a uniform 

nr~mosis composite membrane, it is preferable that the reverse ^^^Ts 
which an absolute value of the surface zeta (0 potential before treatment '^^^^^Z^ 
to 1 1 has a flux of 0.6 [mW/day] or more in a reverse osmos,s test conducted b feeding 500 ppm NaCI 
a nrp^.rp of 7 5 ka/cm 2 and a temperature of 25°C to ensure a sufficient flux after the coating. 
3 TE^Si^^ membrane, it ispreferab.e that the reverse ? mosis 

flux o Jo 6 [mW/day] or more in a reverse osmosis test conducted by feeding a , .500 ppm NaCI solution at a pressure 
^mfdeLcx>mp.e,e. y aromatic polyamide^ 

nent Such aromatic polyamide can maintain a high water permeability and a high salt re ection. 

tS^ZhSSS provides a reverse osmosis treatment method for water comprising using any of the reverse 

osmosis composite membranes of the present invention. ...„«, .. lrfQr t a nt « fed to the reverse 

In the reverse osmosis treatment method, it is preferable that water containing a surfactant is fed to the i reverse 
oJTo^^Un. as raw water, .n the conventional reverse osmosis ^^^^ 
brane adsorbs a surfactant, so that a stable performance cannot be obtained. In the 'T^^'!^^ 25a 
brane of the present invention, the adsorption of the surfactant by the mmbmne. SS^llSjiSon^- 
reverse osmosis treatment can be conducted for water containing a surfactant without decreasing the separation p 

TEe reverse osmosis treatment method, it is preferable that the content of the surfactant is in £ range of O01 
nom to 20 wt% In the method of the present invention, the content of the surfactant can be in any range. If the content 
Kthe Ze o 0 o ^m toYo wt.%. a sufficient surface potential property of the present invention , J^MJ™^ 
InJXrle osmesis treatment method, it is preferable that water containing a tiansition njjjj^; 
to the reverse osmosis composite membrane as raw water. In the conventual run* osmosis ™^ "J^^ 
the membrane adsorbs a transition metal component, so that a stable P 6 *'™"^"^^^ 
osmosis composite membrane of the present invention, the adsorption of the t r^ 9 ^^^ a 3lto 
brane is controlled. Therefore, a stable reverse osmosis treatment can be conducted for water containing 

metal component without decreasing the separation performance. hecause the 

in Reverse osmosis treatment method, it is preferable that the transition metal componen « ^eoaw^? 
reverse osmosis composite membrane of the present invention can control the adsorption of the iron component suit. 

Cie "!n y the reverse osmosis treatment method, it is preferable that the content of the transition ^ °T ^Znent^n 

rang 5!U13!SSll%. the method of the ^^^^^^" n ^^'^^^ 

b^n any rangT If the content of the transition metal component is in the range of 0.01 ppm to 20 wt.%. a sufficient sur 
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tace Dotential property of the present invention can be provided. 

is provided, and practical desalination can be conducted at a low pressure. 
Rrief Descr i ption ot Drawing s 

fi, 1 is a schematic ******** of the surface portion of a r«erse osmosis composrie membrane in one 

preset inveln and Comparative Example 6 with respect to water conta,n,ng an ,ron component. 
Rfist Mode far Carrying O ut the Invention 

hydrcphihc group. tj of an e|ectrjca||y neutra| organic substan ce and an 

Formulae 1 to 4: 

u ~ Formula 1 
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Formula 2 



_CONH 2 - . FOrmUla3 
_CH 2 CH 2 OR- FormU ' a4 
(wherein R represents an alkyl group having 1 to 4 carbon atom) consisting of 
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«*■ - - — — — — usin9 me 

posite membranes are polyamide. polyurea a ^ one surface of a porous 
membranes can be readily obtained by conventionally ^ ""^"J^*; tnat haS a reactive amino group 
polysulfone support film is coated with an a < ueous ,^;^^^ is contacted with a solution 

such as metaphenylenediamine. piperazine. or P^V^^^^i^cacSd chloride a polyfunctions! iso- 
in which a polyfunction^ acid chloride such as tnmes, C acid <?^™*^™ 2 hexane, to perform interfa- 
cyanate such as tolylenediisocyanate, or a mature thereo ^S^m^M^on properties. As a result. 
c!al polymerization on the porous V*^"*^ memoTanes. the absolute 

^oTth^^ 

"^obtained ^o^c^^^^^^^^^^^ 
polymer and dried to obtain a final reverse osmosis ""^^sotent that is not likely to damage 
Organic substance or po.ymer that has a nomonic hydropNi group .s M» « hydr ocarbon halide, 
thrive thinfi.mlayer of the^ alipha tic alcohols such as 

aliphatic hydrocarbon, acetone, acetonitr e » » "J^^^XS chlo ohydrin; methoxymethanol; 
methanol, ethanol, propanol. and butanol; ahphate ek ^^^^ i ^ are preferable. In the mixed 
methoxyethanol; and a mixed solvent of at .east one ^^^T^^J^ is pr Labfy o to 90%. When 
solvent, the ratio of the lower alcohol to water ,s not particular y tart* ££££££ the membrane, 
water is used as a solvent, a surfactant .s preferably added to '"^ * > wettao. ty 

The concentration of the organic substance or ^«^SS ^ZTT^L, >imi. A dipping 
o. 0.01 to 20 wt.%, and more preferably O05 to 1 5 wU, drying mea ns and the dryir^ temper^ 

rSer^X™ 
^TlhS^ 

the r a ti r^ntro.,in g ^ 

:;fa^^ 

a Tt5sTs^ 

provide the solubility of the polymer. m . ans . nnt narticlJ |arlv limited. The flux is preferably 0.6 

The performance of the reverse osmos,s '""^T^ at a pressure of 7.5 

o [mW/day] or more in a reverse osmosis test conducted bytMrtng a OTmpo P site memb rane 

a pressure of 15 kg/cm 2 and a temperature of 25°C. reference to the drawings. Figs. 1-2 

«o Next the embodiments of the present invention will be descr.bed below wrth reference to m « 
~ are scSrlc cross-section* views of the embodiments of the presen * - J"^ ^ V^SStanU *■ 

present on a porous layer ! . A thin film 3 of polyvinyl J***^*"^ ^sepaS teyer 6 are present in a phase 

^rat^^^^ 
limited to these examples. 
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(Example 1) 

support. Thus, a reverse osmosis composite membrane ^ obtamed. Dolymenza tion degree n=2,000) was 

Then, polyvinyl alcohol having a saponin degree o ^J^^jjj^ a J 0US solu tion of 25 
dissolved in a solution containing .sopropyl alcoho and v^e n the^o o « and dried at 
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Sample 


NaCI (at25°C) rejection 
[%] 


Flux (at 25°C) 
[m 3 m 2 /day] 


Ratio of flux after treatment 
to flux before treatment 


Example 1 


99.70 


1.2 
1.7 


0.7 


Before polyvinyl alcohol treat- 


99.48 




ment 




0.8 




Evaluation with an aqueous 


99.56 




solution containing 500 ppm 
sodium chloride at a pressure 
of 7.5 kgf/cm 2 









Equation 1 (Smoluchowski's equation). 

Equation 1 

wherein U is the e,ectrica. mobi,, . is the P— * ^ m" and set in a 

(More specifically, the reverse osmos.s composite particle for electrophoresis was a poly- 

ce.l tor af.at sheet sampie attached to the ^^^^^To mM NaClso.ution in which the 
styrene particle (520 nm) whose ^^^2^23^^ of the surface zeta (Q potential this 

^shov^there^ 

For evaluation of fouling tolerance, the membrane was set 'n a "« containing 1 .000 ppm of a cat- 

(Comparative Example 1) 

The same measurements as in Example i were made by using a reverse osmosis composite membrane before 
surface coating with polyvinyl alcohol. The results are shown m Table 2. 
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Table 2 



10 



Sample 



Example 1 

Comparative Example 1 



Surface zeta C poten- 
tial at pH 6 [mV] 



0 

— 25 



Flux-1* 1) [^ m2/da yl 



1.2 
2.0 



Flux-2* 2 > [m 3 /m 2 /day] 



1.0 

0.9 



Retention" 3 [%] 



83 
45 



20 



25 



30 



35 



^^^^ 

Note *2) Flux-2: the flux of pure water evaluated after pressure 
Note *3) Retention. (Flux-2/Flux-1) x 100 

r4 ~> fata <n nntential of the reverse osmosis composite 

1) was negative. 
(Example 2) 

Aft™*^^^^ 

as in Example 1 . polyvinyl alcohol (PVA) ° smosiS ^ 

ing isopropyl alcohol (.PA) and water at a * t0 form a thin layer having an average th.ck- 

coated with this PVA solution by dipp.no bv fe^Tng aT 500 pprn NaCI solutton at a pressure of 15 kg/cm 2 

ness of about 0.1 » m. The membrane was evaluated by ^ a ^ » hours) was performe d by using the mem- 
and a temperature of 25«C. Then a ^^'^^^^ e change in flux due to fouling was measured, 
brane at a pressure of 15 kg/cm 2 and a l^-a ^ acid P H= 2 . 1 hour). A change in the flux of ultrapure 

-^-'^Sssss. 



40 (Comparative Example 2) 

The reverse osmosis composite membrane without the 
shown in Table 3. 



PVA layer in Example 1 was measured. The results are 



45 



50 



55 



Sample 



Table 3 



Example 2 

Comparative 
Example 2 



Initial performance 



NaCI 
1500ppm 
Rej. (%) 



99.70 
99.48 



m 



Flux 



1.02 
2.01 



MJItrapure 
| water Flux 1 
7m 2 /d 



rrv 



1.01 

1.82 



Permeation of industrial 
water in Ibaraki City 



Flux after 

28 hr 
m 3 /m 2 /d 



0.78 
0.98 



Retention 
Flux /Flux 2 



After washing with oxalic acid 



Ultrapure 
water Flux 
m 3 /m 2 /d 



77.2% 
53.8% 



0.91 
1.23 



Washing 
recovery ratio 
Flux /Flux 1 



89.5% 
67.8% 
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(Comparative Example 3) 

Polyvinyl alcoho. (water-solub.e PVA) having a saponification degree of 89% was equated in , the same manner as 
in Example 1 . As a result, the PVA on the surface was not present because rt was d.ssolved ,n water. 

(Example 3) 

-~rf=S«5SS3SS=255s 

alcohol (IPA) and wa ** < IPA H *°^ J*® ffw^ pvA solution by dipping, and dried at 130°C for 5 minutes to form 
above-described method was coated w.th a 0.13 wt% PVA soiuflom oyo pp y_ membrane was again coated, by 
a thin layer. Furthermore, in order to avo,d that alcohol (IPA) 

ThlS^ 

For evaluation of fou.ing tolerance^ <^«££££^ containing 500 

.actant. For the measurement, the membrane ^ 

PP m of catiogen PAN (manufactured by ^ W °" ^^ , ;^^ f ^ lcm 2 for , hour , and , ne flux was meas- 

4. 

(Comparative Example 4) 

The membrane before the PVA layer was formed as described in Example 3. that is, a membrane without PVA coat- 
ing. was measured. The results are shown in Table 4. 



Table 4 
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30 


Sample 


Isoelectric point 


Initial Flux [m 3 /m 2 /day] 


Flux (Ihr)afteracattomc 
surfactant is added 
[m 3 /m 2 /day] 


Retention [%] 


35 


Example 3 

Comparative Example 4 


pH 6.4 
pH3.4 


1.43 
1.89 


0.84 
0.61 


58.9 
32.2 



tical desalination at a relatively low pressure. 
(Example 4) 

An «,u«x» «**» * 3* *,.% o, triethylamins. 6-0 J? « 

support. Thus, a reverse osmosis composite membrane was , f contain i n g is0 - 

Then. polyvinyl alcohol having a saponification degree of 99% ^^i^fJ^JJalcohol. The reverse 
propyl alcohol and water in the ratio of 3:7 to prepare an aq ™°*™ [ *™°£l? 0{ J X aTesult. the reverse 

osmosis composite membrane was coated with th.sso.u1.on arridnad ^^^^^ was evalu - 

in Table 5. 
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Sample 


NaCl (at 25°C) 
rejection [%] 


Flux(at25°C) 
[m 3 m 2 /day] 


Ratio of flux after 
treatment to flux 
before treatment 


Example 1 

Before polyvinyl alcohol treatment 

Evaluation with an aqueous solution containing 500 

ppm sodium chloride at a pressure of 7.5 kgf/cm 


99.70 

99.48 
99.56 


1.2 

1.7 
0.8 


0.7 



(Comparative Example 5) 

Areverseosr^composit^^^^ 

brane whose surface was treated ^"^^S^^S^ **«° n containing 2 0 T 
amine and 6.0 wt.% of camphor suHon.c 

phenylenediamine and 0.15 wt.% of sodium ^J^^™?^ 0 , tne solution on the support film, 
for several seconds, and the excess solution removed containing 0 . 20 wt.% of trimesic acd 

Next, the surface of such a support Mm hot air dryer at 120 -C for 3 minutes. Con- 

chloride and 0.30 wt.% of isophthalic ^*^£™J%££Z£ composite membrane was obtained. 

are shown in Table 6. 
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Example 4 

Comparative Example 5 



Note M)Flux-1: the flux at the start of pressure crculat.on 
Note *2) Fiux-2: the flux of water after 14 daysol pressure crculat.cn 
Note *3) Retention: (Flux-2/Flux-1) * 100 

(Example 5) 

AreverS e^scom P osite membrane wasformedjn^ 
so membrane was coated with polyvinyl alcohol. The value of the J^^SK^ e|ement manufactur ed by 

taining 0.90 mg/l of an iron component. The resufts are shown .n F,g. 4. 
55 (Comparative Example 6) 
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Table 7 



10 



15 



Sample 


surface zeta (0 potential 
at pH6 [mV] 


Example 5 

Comparative Example 6 


0 

— 25 



stably for a long time. membrane of the present invention had a high salt rejection. 

As described above, the reverse osmos.s composrte desa | inatio n at a relatively low pressure, 

a high water permeabi.*. and a high fou.ing SSlwon*. signHicantly even by 



Claims 
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A reverse osmosis composite membrane comprising: 



a sponge layer; and 

2 The reverse osmosfc composite men*rane according to claim 1 . wherein the P H is in the range of 6 to 8. 

3 me reverse osmos* composite membrane according to claim 1 , wherein the pH is in the range of 5 to 1 1 . 

4 The reverse osmoste composite membrane according to ^^^'S San'eTpH 

substance and an electrically neutral polymer, 
substance or a polymer that has a nonionic hydrophilic group. 

80°C. 

m.mhr a ne according to claim 6, wherein the polyvinyl alcohol has a saponification 
7. The reverse osmosis composite membrane according to 

degree of 95% or more. 
» the polynw »»' »» » ■»** WW* W © in the range of 0.001 to 1 11 m 

. SSSSSSSss 
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ture of 25°C. 

. ,, A <-« ™*0d te «„„. «» » — <— 

according to claim 1 . 

, 3 The reverse osmosis treatment method according to Cairn 12, wherein water containing a surfactant is ted to the 

' reverse osmosis composite membrane as raw water. 

0 01 ppm to 20 wt%. 

15 The reverse osmosis treatment method adding to Cairn 1, wherein water containing a transition meta. compo- 
„ nent is fed to the reverse osmosis composite membrane as raw water. 

16 The reverse osmo,s treatment method according to Cairn 15, wherein the transition meta, component is iron. 
..Thereverse osmosis treatment method according to CaimlS.whereinacontentof the transition meta, component 

20 is in the range of 0.01 ppm to 20 wt.%. 
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